A water durable ammonia gas sensor was fabricated by combining 
Introduction
Ammonia (NH 3 ) gas is one of the useful gas species in the industrial field. However, NH 3 gas is very toxic and the NH 3 gas sensor showing an exact gas detection with a rapid response is greatly required for preventing serious accidents.
Today, although NH 3 gas concentration is detected by using analytical apparatuses based on ion or gas chromatography, these are not suitable for onsite NH 3 gas sensing tool because some pretreatment of sample gas is always required. Furthermore, such equipment is too expensive and too large to install at every NH 3 emission site. Therefore, it is required to develop a smart ammonia gas sensor realizing on-site monitoring at various emission sites. Furthermore, there is a critical problem to solve for accurate NH 3 sensing,that is, the interference of water vapor because NH 3 is usually present together with H 2 O.
Until now, various solid electrolyte type NH 3 gas sensors have been proposed [1] [2] [3] . However, a practical NH 3 sensor with highly selective and quantitative detection in humid atmospheres
has not yet been developed.
Recently, we have proposed the solid electrolyte type NH 3 gas sensors [4, 5] . The oxygen gas pressure (PO 2 ) was fixed at 2.1 × 10 4 Pa. The sensor output EMF was monitored with an electrometer (Advantest, R8240).
Results and Discussion
In order to confirm the temperature where the NH 4 + -Ga 11 O 17 solid can be used as the auxiliary sensing electrode, the electrical conductivity of the NH 4 + -Ga 11 O 17 solid was measured. The conductivity increased monotonically with temperature up to 230 °C, whereas the slight decrease in conuductivity was observed at 250 °C. This result indicates that the NH 3 in the NH 4 + -Ga 11 O 17 solid starts to be released at ca. 250 °C. Since it is essential to contain NH 4 + ion in the auxiliary sensing electrode for the stable NH 3 gas sensing, we decided the sensor operation temperature at 230 °C.
For the present sensor, the following plausible reactions are considered to occur at the auxiliary sensing electrode, the interface between the auxiliary sensing electrode and the Al 3+ ion conductor, and at the Al metal reference electrode. 
where, a and P terms are the activity of the solid materials and the pressure of the gas, respectively, and R, F, and n are the gas constant, Faraday's constant, and the number of electrons participating in the reaction (here, n = 1.00). Since the activities of the solids are constant at fixed temperature, the Nernst equation (Eq. (5)) can be simplified as follows.
Figure 2(a) (6)). Furthermore, the sensor output EMFs at every NH 3 gas concentration are almost the same regardless of the water vapor content in the measuring gas. In adittion, the sensor EMF output for 200 ppm NH 3 did not show any meaningful deviation when the water vapor content was varied between 0.6 and 4.2 vol.% as depicted in Fig. 2(b) . These results strongly indicates that the present sensor with the NH 4 + -Ga 11 O 17 auxiliary sensing electrode can detect NH 3 gas theoretically without the interference of water vapor, because NH 4 + ion in the β-gallate structure would be stably hold between the spinel blocks. 
